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σ(
Q

2 ,W
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( 
µb

 )

★
ç

 - CLAS Lukashin, W ≈ 2.3 GeV
■ - H1 Adloff, W ≈ 75 GeV
▲ - ZEUS Derrick, W ≈ 70, 94, 99 GeV
●
è

 - CORNELL Cassel, W ≈ 2.7 GeV
❑
é

 - BONN Besch, W ≈ 2.2 GeV (Q2 = 0)
◊ - SLAC Ballam, W ≈ 2.5, 4.3  GeV (Q2 = 0)
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KL698;8 Æ D ?�Y.6&=�Å525Y�MN256&MNlX<I=�MW^L6�«sKLl�8W^&=8¦ û©¨ 0 w lXlo¯Sg�l.Y�M
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 ³ × Ë�Ü À�0 k :5l%`5MuMW^�MN:5l6« TQ69MN6(<>8�8W:5^CtG=�<I=
�
<>]�0 û©� tG<IMN:%MN:5le8W^&_><ITjY.25m;f9lS0 k :Ql�mW6&MN<I^d^9�k��u º ����<I=5T5<IY.6&MNl�8MN:Q69M MN:5l�«�KLl.8;^9=�<I=SMNl.m;69Y�MN<I^9=�8;<Ix.l�? Ê êtì�íu ?�<>8X8;K{6&_>_Il.meMN:56&=
MN:Q69MG��^9mGMW:5l�Û�KLl.8;^9=ëý
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Ê êtì�íu
Ê êtì�í�

D
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c∆τ ( fm )

b φ 
( 

G
eV

-2
 )

★
ç

 - CLAS Lukashin
●
è

 - CORNELL Dixon
■ - CORNELL Cassel
▲ - H1 Adloff

❍
�

 - SLAC Ballam, Q2 = 0
∆ - DESY Behrend, Q2 = 0
❑ - BONN Besch, Q2 = 0
◊
�

 - CORNELL Berger, Q2 = 0
✩ - CLAS Anciant, Q2 = 0
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�þ¸ÿ�� � � O � " & Q W ��&	:
��� W >6� ��E �h>_?A���CS�� & � & S ��&=���  �� �I&�ÿ���þ � þ �cR �f� �a�%�� �� þ�� � W ��&	:
��� W >�� � Y�� 
 P*NOJM8� þ "$" þ�: W ��&	: ��� W >�� ��� � 
|� �dP��Ð�a�%� � � ÿ�� W ��&	:
��� W > � E�� � 
�þNÿ�� MNO<PJO ÿ  �ªþNÿ � W ��&�: � � W > � �	� �h>
R 8;25KLKL69m;~\^&�dMN:5l lo¯S<I8WMW<>=Q],KLl.6&8W25m;l.KLl�=�MW8%^&����u\MN^&�

]9l�MN:5l�mstG<IMN: ^&25msm;l.8;25_>MW8%<I8s8;:5^CtG=�<>=��
<I]�0 û©Ê 0 � mWl�fS<>^&258
«Êl._Il.Y�MNm;^9g5m;^ST525Y.MW<>^&=�KLl.698;25m;l.KLl.=SMW8%69m;l�Y�^9=58;<>8;MNl�=SMstG<>MW:
=5^ ÆUD�^9m ß Õ�Ö T5l.g�l.=5TQl.=5Y�læ¦ û©² ? û À ¨ 0 w l(^9hQ8Wl�mWf&lê6,_>^Ct
f769_I25lG^9�k� u � � 0 � Ovl � è�D ?CtG:Q<>Y|:3?9MN6&49l�=�MW^9]9l�MN:5l�mÙtG<IMN:jMN:Ql
f769_I25l.8�KLl.698;25m;l.Tj<I=sg5:5^&MN^&g5mW^ST52QY.MN<I^9=@?º8;:5^CtG8�6u8W<I]9=5<I`5Y�69=SM
T5l�g�l�=5T5l.=QY.lj^9=æÆ�DS0 n ^Ctvl.f9l�m7?�MW:5l(Æ�DjT5l�g�l�=5T5l�=5Y.lj^&��� u
Y.6&=�h�l{lo¯Sg5_I69<I=5l�T�h�~¢MW:5lu<IKLg5_><IY.<IM T5l.g�l.=5TQl.=5Y�lu^9� ß ÕjÖ ^9=
Æ�D ¡ FrªJ03cT¿9£W0 k :5<I8v<>8v8W:Q^CtG=j<>=s�
<I]�0 û*Ê tG:5l�mWl�tvlUgQ_>^&M�MN:Ql
T5l�g�l�=5T5l.=QY.l{^9��� u ^9= ÆUDu258;<>=Q]%FrªJ0*À%69=QT�MN:5l�mWl�_>6&MN<I^9=�<I=
FrªJ0ÂcT¿v69M�Myt�^Pf76&_>25l�8�^&�AÃ 0 k :Ql�_>^Ctvl.m�Y.25m;f9lS?C69MJÃ × ��Ü Ê

Ovl � ?
Y.^&mWm;l.8;g�^9=5T58LMW^ù^925ms4S<I=5l.KL6&MN<IY.8j69=QT�Y�^9=5=Ql.Y.MW8s^92Qm
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Y.2QmWf&le<I8�Y._I^98;l.m�MW^jMN:5l%�@^&mW=5l�_>_�4S<I=5l.KL69MW<>Y�870
cvl�Y.6&258WljMW:5lsf769_I25ls^&� ß Õ�Ö <I8u8;KL69_I_>l�mdMN:Q69=ùMN:Ql%8;<>x�lj^9�

MN:Ql,=S25Y._Il.^&=3?PMW:5l�8WY�69MNMWl.m;<>=Q] KL6C~�h�l\Y�^9=58;<IT5l.m;l.T"MW^ h�l
g�^9<I=�MW�ª_I<I49l�0 k :5l\69g5g5_I<IY.69MW<>^&= ^9�(�P�@� �Â<>=58;g5<ImWl�T KL^ST5l._I87?
8;l.=58;<>MW<>f&l%MW^õMW:5l�ªS256&mW4�8;MNm;25Y.MW25m;l�^&��MN:5lê<I=�MWl.m;69Y�MN<I=5](KLl.�
8;^9= 69=5T =S25Y._Il.^&=3?e8W:Q^925_IT g5mW^CfS<IT5l�69= <>=SMWl.m;l.8;MN<I=5]�<>=SMWl.m;�
g5m;l.MW69MN<I^9=Ê^&� MW:5l�^&h58Wl�mWf&l.T}� ¡ ÕjÖ £d69=5T�� ¡ Æ�D&£dT5l.g�l.=QT5l.=5�
Y.<Il.8C0��yMs:56&8%h�l.l.=�6&mW]&25l.TÊMW:569MstG<IMN: <>=5Y�mWl�698;<>=Q]pÆ�D�MN:Ql
m;69T5<I258L^9��MW:5l¢fS<>m;MN256&_�f9l.Y�MN^&m�KLl.8;^9=�tG<I_>_G8;:5m;<>=54Ð¦ û©¨ ?
6&=5T
6 Y.^9m;m;l.8;g�^&=5T5<I=5](T5l�Y.m;l.6&8Wlê^9�
�u8;:5^925_IT�h�l¢^9hQ8Wl�mWf&l.T30#RGM
_I69m;]9lsl�=5^925]&:ÐÆ�DS?cªS2569m;4�KL^�TQl._I8(¦ Ë!Ê ? Ë�Ë!¨ g5mWl�T5<IY.M{MN:5lêT5l.�
Y.m;l.6&8Wl{^9�vMN:QlsMNm;69=58;f9l�mW8;l{T5<>KLl�=58W<I^9= ^9�vMN:Qlsf9l�Y.MN^&mPKLl.8;^9=
698 � Ô ü � q Ó º Ó D@Ù Æ D 0 k :5lGKL698;8Ù8WY�69_Il<Ó m;l.gQmWl�8Wl�=�MW8
6êMy~�gQ<>Y�69_
:569TQmW^&=5<>Y{KL698;8e8;Y.6&_>lS?�tG:5<IY|:õKL<I]9:SMeh�lL698X8;K{6&_>_
698{MN:Ql�f&l.Y.MW^9m�K{l�8W^&=,KL698;8C?@l�0 ]�0^Ó�u × û©Â��!Â [�l � ?3h525M
<I8u_I<>4&l._I~õMW^�h�l�_>6&mW]&ljY.^&K{gQ69m;l.TùMN^(MN:5lÎÆ�Dsf769_I25l.8�^9�GMW:5<>8
lo¯Sg�l.m;<>KLl�=�M70PF�f9l.=õMN:5^&25]9: tvl{TQ^�=5^&MX=5l.l�TõMW^ê<I=Sf9^&49lu6&=
lo¯Sg5_I<IY.<IMDÆ�D�T5l�g�l�=5T5l�=5Y.lõMN^#T5l�8WY�mW<Ih�l�^925m%T569MW6�?�t�l(=5^9MWl
MN:Q69M MN:5lLl.��l.Y�MN8P^&�ÙMNm;69=58;f9l�mW8;ld8;<>x�l�6&=5T6ÅQ25Y.MW2569MW<>^&=õMW<>KLl.8
69m;lX=5^9MUl.698;<I_>~�8Wl�g569m;69MWl.T3?Sl�8Wg�l.Y�<>6&_>_I~%tG:Ql.=�`5=5luh5<>=Q=5<>=Q]s<>8
g5m;^9:5<Ih5<IMN<If9lXT525lXMW^j_><IKL<>MWl.T¢8WMW69MW<>8;MN<IY.8C0

Q2 (GeV2)

b φ 
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❑ - BONN Besch (Q2 = 0), W ≈ 2.14 GeV
✩
�

 - CLAS Anciant (Q2 = 0), W ≈ 2.7 GeV
❍
�

 - SLAC Ballam (Q2 = 0), W ≈ 3.11 GeV
●
è

 - CORNELL Dixon, W ≈ 2.9 GeV
■ - CORNELL Cassel, W ≈ 2.9 GeV
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 - CLAS Lukashin

W = 2.9 GeV
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�þNÿ�� MNaOFP@O ÿ  �ªþ¸ÿ � W ��&	: ��� W >6� ��� �h> �Ä"$�% %g
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tv698�69Y�Y.25K�25_I69MNl�T���^&m�MN:5lGl�¯SY._I258W<If9l�m;l.6&Y.MN<I^9={^9�_þ�³&x þ{z$³§zh«
tG<IMN:¢MN:5l%�@13R{H�T5l�MNl.Y�MN^&mG<>= n 6&_>_�c 69M p l.��l.m;8W^&=�1369h30
¡ <y£ k 6&49l.=�MW^9]&l.MN:Ql.m tG<>MW:(MN:Qlutv^9m;_>T�TQ69MN6%8W6&K{gQ_>lS?Qtvlu`Q=5T
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MN:Qld8WY�69m;Y.<IMy~s^9�d«¢T569MW6jT5^j=5^&MGg�l�mWKL<IM�6jg5m;l.Y.<I8;lFª�2Q69=SMN<IMN6&�
MN<If9lXT5l�8WY�mW<Ig5MW<>^&=�^&�3MW:5lPg5m;^�TQ25Y.MW<>^&=�g5m;^SY.l�8W8C0
¡ <I<y£ w l�^9h58;l.m;f9l�MW:5l�l�¯�g�l.Y�MNl�T T5l.Y�mWl�698;l¢^9�XMN:5lõ8W_I^9g�lG��u
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T525Y�MN<I^9=3?Gh525MêtG<>MW: 6,_I^Ct�l�ms698;~SKLg5MN^&MN<IY�f769_I25l�0��U8;<>=5]\6
8;<>KLg5_Ile]&l.^&K{l�MNm;<>YUK{^ST5l�_q?&MW:5leTQ69MN6�8W:Q^Ct�MW:569MvMN:Qle<I=SMNl.m;69Y��
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KLl.8;^9=58C0
¡ <I<I<q£ k :QlD«(g5m;^ST525Y�MN<I^9=�Y.m;^98;8P8Wl�Y.MW<>^&= KLl�698;25mWl�KLl.=SMP69T5TQ8
=5l�t"<>=5��^&mWKL6&MN<I^9=¢69Me_>^Ct f769_I25l.8 ^9��Æ�Dd6&=5T Ã 0 k :5l�Y.m;^98;8
8;l.Y.MW<>^&=jT5l.g�l.=QT5l.=5Y�l�^9=(ÆUD�<>8fªS2569_I<>MW69MW<>f&l._I~um;l.g5m;^ST525Y.l�TLh�~
g�^9KLl.m;^9= lo¯SY|:56&=5]9l KL^�TQl._I870 k :5lùY�mW^&8W8¢8;l.Y�MN<I^9= T5l.g�l.=5�
T5l�=5Y.l ^9= Ã 6988Ã�i�� D���i�� A%69M8Æ�D × û�Ü Ê Ovl � D tv698êT5l��
MNl�mWKL<I=5l.T%h�~LY�^9KLg569m;<I8W^&={MW^�«jg5m;^ST525Y�MN<I^9=s6&M n F���R�6&��MNl�m
Y.^&mWm;l.Y�MN<I=5]s��^&meMW:5mWl�8W:Q^9_IT�l.��l.Y�MN8C0 k :5<>8 T5l�g�l�=5T5l.=QY.l{<>8XMN:Ql
8;69KLlX698G^9hQ8Wl�mWf&l.T%<I=¢g5:5^&MN^9gQmW^ST525Y�MN<I^9=30
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�@1�RLH 69m;l�Y.25m;mWl�=SMN_I~uh�l.<I=5]d69=Q69_I~�x�l.T{69=5TjtG<I_I_Q<I=5Y.m;l.6&8Wl�MN:Ql
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/P^9g�l._I<I^Cf�<IY|:30

��älälâf��£1��ã(�*)ë��¢T +�l @��¢T�

w l�TQl.=5^&MNlGMN:Ql���^925m;�ÂK{^&KLl.=SMN6P^&��MW:5l�<I=5Y.<IT5l.=SMÙ6&=5TL8WY�69MW�
MNl�mWl�T�l._Il.Y�MNm;^9=�hS~�³ P 6&=5T3³ P T ?�MN:5l�fS<>m;MN256&_3gQ:5^9MW^9=�hS~ Ò-,
³ P6R ³ P T ?�69=QT%MN:Ql MW69m;]9l�M�69=QT�m;l.Y�^9<I_�g5m;^9MW^9=�h�~1³ Ö 69=5T�³�Ö T 0
F�6&Y|:���^&25m;�ªf&l.Y.MW^9m
Y.6&=Lh�l�tGm;<IMNMNl�=L698 ¡$# ? ý³J£�tG<>MW:j69g5g5m;^9gQmW<I�
69MWlG8W2Qh58WY�mW<Ig5MW870 w lU258WlGMW:5l�Y�^9KLKL^9=L=5^9MW69MW<>^&={��^&m�1�^&mWl�=�MWx

<I=�f76&mW<I69=SMN8=ýcÆ�D × R<Ò DE% Â ? Ø × Ò çt³ Ö º Ó�Ö ¡ Ó�ÖG<>8�MW:5lGKL698;8
^9��MW:5lugQmW^&MN^9=@£N?QMN:5l�8�ªS256&mWl�T�:569T5m;^9=Q<>YdY�l.=SMNl�mW�Â^9���ÂKL698;8Gl.=5�
l.m;]9~æÃ�D × ¡LÒ Ù ³ Ö&£bD�?@69=QTüá × ¡ ³ Ö R ³�Ö T £bD�<I8uMW:5l���^&25m;�
KL^9KLl.=SMW25K MNm;69=58;��l.m�MW^%MW:5luMW69m;]9l.M70 k :5ld6&h�^Cf&l.�ÂMN:5m;l.8;:5^&_>T
KL^9KLl.=SMW25K"MNm;69=58;��l.m
<I8
]9<If9l.=uh�~�á�z × á R á	. êtì ¡ ÆUD Ú Ã £ ø[Â ?tG:5l�mWl R á . êÑì%<I8GMN:5ldKL<I=5<IKu25K f�6&_>2QlP^9� R á���^9m�`�¯�l�T�4S<I=5l.�
KL69MW<>Y�870

�jälälâd�1£1��ã0/1)2"�âd¢Tå¬âf J¡T��¥Ïå¬¢T£1â4ì
w l�T5l�8WY�mW<Ih�l�6°ª�2Q69_I<>MW69MN<If9lÊg5<IY.MW25m;l ^9�êf9l�Y.MN^&mùKLl.8;^9=

T5<I��m;69Y�MN<If9ls8;Y.6&MNMWl.m;<>=5](tG<>MW:5<>=\6(8;<>KLg5_Il%]&l.^&K{l�MNm;<>Y%K{^ST5l�_q0
R"8;49l.MWY|:¢^9�@MN:5ldgQmW^SY.l�8W8G<I8�8;:5^CtG=ê<>=��
<I]�0 û*Ë 0 k :5luf�<Im;MN256&_
g5:5^&MN^&=j<>8�Y.^9=Sf&l.m;MNl.TL<I=SMN^dMW:5lUfS<ImWMW2569_�f9l.Y�MN^&mÙKLl.8;^9= ¡ ^&��mW6&�
T5<I258 � Ô £N?�tG:5<IY|:dT5<I��m;69Y�MN<If9l._I~ <>=SMNl�mW6&Y.MW8�tG<IMN:dMW:5l�g5m;^9MW^9= ¡ ^9�
m;69T5<I258 � q�£�T525m;<I=5]X6 ��^&mWKL6&MN<I^9={MN<IK{l Õ�Ö 03� <>��l.m;l.=SMN<I69_Ql._I698;�
MN<IYLY.m;^98;8e8;l.Y�MN<I^9=58X6&mWl�Y._I^98;l._I~�mWl�_>6&MNl.TõMN^¢MN:Ql{Y|:Q69m;]9ld��^&mWK
��69Y�MN^&mW8�³ ¡ á�£Ù^&�
Y.^9_I_I<>T5<I=5]s:Q69T5m;^9=58e69Me:5<>]&:�l.=5l�mW]&~ü¦ � Á�? Ë�²!¨ 0
�Q^&m�8WKL69_I_�f769_I25l.8G^&��á�?�MW:5lX��^9m;K ��69Y�MN^9m;8�69m;lem;l._I69MWl.TêMN^LMN:Ql
Y|:56&mW]&lem;69T5<I<�- � D�5W?SfS<I6

³ ¡ á�£ × û Ù û¾ - � D 5aá Ù43 ¡ á D £ Ü ¡ c û £

�Q^&mU:56&T5m;^9=5�Â:569TQmW^&=�l�_>6&8WMW<>Yd8;Y.6&MNMWl.m;<>=5]6¦ � Á ¨ ?QMN:QluY.m;^98;8�8;l.Y��
MN<I^9=Q8GT5l.g�l.=5T¢l�¯�g�^9=Ql.=SMN<I69_I_>~%^9=¢M	ý

Í + º Íoá¡ Í + º Í*á�£hí65 i
× þ à í Ü ¡ c � £

p7

γ8 V

φ

2r
9

φ
W

2r
9

h

c: ∆τ
;

���©G > �LE >CPoS þ  %�%gi� �$: ��S �  %� ��� � & W �����=<?> ) �� þ ����� ����ÿ�2 ��� ��&���2 �
������ &�ÿ�# � � � �$&�ÿT& W ����� #��$� � ��þ "}S�� & � &�ÿF��ÿ � & ����� #��$� � ��þ " /C: �%� &�ÿ
��ÿ � �$� �l������� þ���2 �%��S ��& � &�ÿ >

�@^9KLg569m;<I8W^&=%^9�@loªS256&MN<I^9=58Gc û 69=QT�c � ?�69=5Tê=5^9MW<>=Q]jMN:56&M
MN:QlõY�mW^&8W8ê8Wl�Y.MW<>^&= <I8�g5mW^&g�^&mWMW<>^&=569_eMN^ÊMN:Qlõ8�ªS2569m;l(^&�uMN:Ql
��^9m;K ��6&Y.MW^9mC?J_Il.6&T58dMN^(6�mWl�_>6&MN<I^9=58;:5<Ig h�l.Mytvl.l�=ùMN:5l%mW6&T5<>2Q8
^9�3<>=SMWl.m;69Y.MW<>^&=3? Ê êÑì!íÔ ?�69=5T¢MN:Ql�áN�ª8;_>^&g�lXg56&mW6&KLl.MNl�mÐ��ý

û9û



� × û
Ê Ê êtì�íÔ D Ü ¡ c Ê £

k :5lPm;69T5<I258�^9�@<I=�MWl.m;69Y�MN<I^9=êY.69=êh�lPtGmW<IMNMWl.=¢698
¡ Ê êÑì!íÔ £ D*@ - � Dq 5 Ù - � DÔ ¡ Æ D £�5 Ú ¡ c Ë £

tG:5l�mWl � q 6&=5T � Ô 69m;lXMN:5lXm;69T5<I<�^9�3MN:5lX=S25Y�_>l�^9=ê69=5Têf9l�Y.MN^&m
KLl.8;^9=3?�m;l.8;g�l.Y.MW<>f&l._I~�0

c∆τ ( fm )

b 
( 

G
eV

-2
 )

∆ - ρ , Fermilab Francis, Q2 = 0
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 - ρ , D.G. Cassel et al.
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